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DAMD17-99-1-9369  P.I.  Clynes  Raphael  A. 

Progress  Report  Year  1 

Cytotoxic  Mechanism  of  Tumor-Specific  Antibodies: 

INTRODUCTION 

We  have  completed  year  one  of  this  funded  project  on  track,  having  demonstrated  in  a  recent 
publication  that  monoclonal  antitumor  antibodies  1)  require  activating  FcR  engagement  for  full 
activity  in  vivo  and  2)  are  modulated  by  engagement  of  inhibitory  Fc  receptors.  These  findings 
were  published  in  Nature  Medicine  (please  see  attached  manuscript).  We  continue  our  mouse 
breeding  and  transgenic  mouse  production  to  generate  genotypically  unique  mice  that  can  be 
tested  for  involvement  of  specific  FcR  bearing  cell  types  and  specific  apoptotic  pathways  in 
ADCC  in  vivo. 
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DAMD 17-99- 1-9369 


P.I.  Clynes  Raphael  A. 


Statement  of  Work:  Progress  Report  Year  1 
Cytotoxic  Mechanism  of  Tumor-Specific  Antibodies: 


1.  Characterization  of  the  role  of  the  cellular  receptors  for  IgG  (FcyRI,  II  and  III)  and 
complement  in  mediating  tumor  responses  induced  by  anti-melanoma,  lymphoma  and 
breast  carcinoma  monoclonal  antibodies. 

a)  Analysis  of  anti-tumor  responses  in  y  -/-,  FcyRII  -/-,  FcyRIII  -/-  and  C3  -/-  athymic  nude  mice 
using  Herceptin,  Rituxan  and  anti-gp75  mAbs  in  breast  cancer,  lymphoma  and  melanoma 
models  (months  1  to  6,  200  mice). 

Progress  Year  1:  In  work  published  in  Nature  Medicine  (please  see  attached  manuscript  for 
details)  we  have  determined  that  the  activating  Fc  receptors  (I  and  III)  are  required  for  the  in 
vivo  activity  of  antitumor  antibodies.  In  addition  the  inhibitory  receptor,  FcRII,  was  found  to 
modulate  the  potency  of  these  antibodies,  including  the  anti-breast  cancer  antibody,  Herceptin. 

At  10%  of  the  dose  that  was  effective  in  wild-type  mice,  FcRII  -/-  mice  were  completely 
protected  from  tumor  growth.  The  implications  from  these  studies  are  profound  and  have 
provided  the  catalyst  for  major  efforts  in  industry  to  generate  anti-tumor  antibodies  which 
p[referentially  recruit  activating  Fc  receptors  at  the  expense  of  the  inhibitory  Fc  receptors. 

We  are  currently  breeding  the  FcRIII  -/-  mice  with  athymic  nu/nu  mice  to  determine  which 
activating  Fc  receptor  (Type  I  or  III)  is  required  for  ADCC  in  vivo.  In  addition  we  are  breeding 
the  C3  -/-  mice  to  the  athymic  nu/nu  baclground  to  confirm  our  suspicions  that  complement 
plays  little  or  no  role  in  mediating  cellular  cytotoxicty  in  vivo. 


2.  Identiflcation  of  FcyR-bearing  effector  cells  responsible  for  ADCC  in  vivo. 

a) Reconstitution  of  ADCC  phenotype  by  cell  transfer  of  y  -/-  with  wild-type  bone  marrow, 
macrophages  and  NK  cells  (months  1  to  6,  120  mice). 

b) Reconstitution  of  ADCC  of  y  -/-  by  tissue  specific  transgenes. 

•  Engineering  of  NK  cell  and  Macrophage  specific  y  expressing  plasmids  (months  1  to  3) 

•  Demonstration  of  tissue  specific  reconstitution  in  transient  and  stable  y  -/-  transfectants 
(months  3  to  5). 

•  Generation  of  transgenic  mice  bearing  tissue-specifc  transgenes  (months  5-12). 

•  Confirmation  of  tissue  specific  expression  in  transgenic  mice  (months  12-14) 

•  Breeding  and  analysis  of  TA99  anti-tumor  antibody  responses  in  transgenic  mice  (months 
12-18, 40  mice) 

•  Generation  of  y  -/-  nu/nu  mice  bearing  y  transgenes  by  two  rounds  of  mating  with  founder 
lines  (months  12-  18) 

•  Breeding  and  analysis  of  Harceptin  and  Rituxan  anti-tumor  responses  in  y  -/-  nu/nu  mice 
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bearing  y  transgenes  (months  18  to  36,  80  mice) 

•  Generation  of  transgenic  mice  bearing  y/humanFcYRIIIA  transgenes  and  analysis  in 
xenograft  nu/nu  models  (months  24  to  48,  80  mice) 

We  are  concentrating  on  genetic  reconstitution  as  a  first  priority.  We  have  successfully 
generated  expression  constructs  which  target  lineage  specific  expression  to  NK  cells  and  myeloid 
cells.  These  constructs  have  been  injected  into  embryos  and  transgenic  founder  lines  generated. 
Transgenic  mice  have  been  generated  which  harbor  the  FcRy  gene  driven  by  either  a  granzyme 
promoter  (NK  cell  specific)  or  the  GDI  lb  promoter  (myeloid  cell  specific).  We  are  currently 
breeding  these  animals  (four  founder  lines  each)  and  will  assay  the  mice  for  lineage  specific 
expression  of  then  transgenes  when  the  mice  are  available  in  sufficient  numbers.  Our  initial 
studies  will  use  the  melanoma  model  as  the  transgenic  mice  were  generated  in  the  C57B1.6 
background  which  is  syngenic  with  murine  melanoma  cell  lines.  Once  lineage  specific 
expression  is  confirmed  the  mice  will  be  read  onto  the  nude  background  and  onto  the  HER2- 
transgnic  background  for  breast  cancer  models. 

3.  Dependence  of  antibody-mediated  cytotoxicity  on  Fas-mediated  target  cell  apoptosis. 

•  Analysis  of  Herceptin  and  Rituxan  anti-tumor  responses  in  athymic  nude  gld/gld  and 
perforin-deficient  mice  (months  1  to  12,  80  mice) 

•  Construction  of  fas  and  anti-fas  expression  constructs  (months  1  to  3) 

•  Selection  of  fas  and  anti-fas  stable  transfectants  using  B16F10,  Daudi  and  BT474M1  cell 
lines  (months  4  to  8) 

•  Tumor  susceptibility  studies  of  fas  and  anti-fas  stable  transfectants  with  Herceptin,  Rituxan 
and  TA99  antitumor  antibodies  (months  8  to  20,  120  mice) 

•  Analysis  of  fas  up-regulation  BT474M1  breast  carcinoma  by  cytotoxic  agents  and 
radiotherapy  (months  1  to  6) 

•  Established  tumor  response  studies  with  combined  therapy:  Herceptin  and  cytotoxic  agents 
(months  6  to  24,  100  mice). 

We  have  assembled  a  group  of  gld/gld  nu/nu  mice  to  test  the  role  of  Fas  in  mediating  the  anti¬ 
tumor  effects  of  Herceptin.  Mice  will  be  injected  with  BT474M1  cells  and  then  injected  with 
protective  doses  of  Herceptin  mAb.  If  protection  is  found  to  be  relatively  poor  as  compared  with 
WT  littermates  this  will  implicate  the  fas-apoptotic  pathway. 

We  have  failed  to  generate  stable  cell  lines  expressing  fas  and  anti-fas  genes  in  all  lines  tested 
implying  these  constructs  were  toxic.  Therefore  we  have  approached  this  issue  through 
alternative  methods  and  have  generated  stable  transfectants  with  the  anti-apoptotic  gene  c-FLIP. 
We  are  currently  screening  clones  for  expression. 

In  the  interim  since  this  grant  was  written  it  has  been  established  that  chemothereutic  agent  and 
antitumor  antibodies  can  act  synergistically  in  vivo  although  the  mechanisms  are  still  unclear. 
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Research  Accomplishments: 

•  We  established  a  general  requirement  for  FcR  activation  for  the  in  vivo  activity  of 
antitumor  antibodies  including  the  clinical  therapeutic  mAbs,  Herceptin  and  Rituxan. 

•  We  established  that  the  inhibitory  receptor  FcRII  dramatically  reduces  the  in  vivo 
acitivity  of  antitumor  antibodies  including  the  Herceptin  and  Rituxan. 

•  We  have  generated  transgenic  mice  that  express  activating  Fc  receptors  ONLY  in  NK 
cells  or  myeloid  cells.  These  mice  will  be  valuable  tools  to  determine  the  role  of  these 
individual  cell  types  in  ADCC  in  vivo. 


Reportable  Outcomes:  Year  1 
Publications: 

Clynes  RA,  Towers  TL,  Presta  LG,  Ravetch  JV,  Inhibitory  Fc  receptors  modulate  in  vivo 
cytotoxicity  against  tumor  targets.  Nature  Medicine  6:443-446  (2000). 

Grants/Awards  Received 

Cancer  Research  Institute  Investigator  Award  2000 

Invited  Meetings 

Invited  Speaker  Keystone  Symposia  2000  (Cellular  Immunity  and  Immunotherapy  of  Cancer) 

Conclusions 

We  are  pleased  that  our  work  has  been  recognized  in  Nature  Medicine  (please  see  commentary 
in  attached  appendix)  for  its  significance  in  providing  a  unifying  general  mechanism  for 
antitumor  antibodies.  We  are  excited  to  pursue  this  mechanism  in  further  detail  beginning  with 
the  identification  of  the  required  cellular  effectors  responsible  for  Fc  receptor  mediated  cellular 
cytotoxicity  in  vivo. 
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Inhibitory  receptors  have  been  proposed  to  modulate  the  in  vivo 
cytotoxic  response  against  tumor  targets  for  both  spontaneous 
and  antibody-dependent  pathways^  Using  a  variety  of  syngenic 
and  xenograft  models,  we  demonstrate  here  that  the  inhibitory 
FcyRIIB  molecule  is  a  potent  regulator  of  antibody-dependent 
cell-mediated  cytotoxicity  in  vivo,  modulating  the  activity  of 
FcyRIII  on  effector  cells.  Although  many  mechanisms  have  been 
proposed  to  account  for  the  anti-tumor  activities  of  therapeutic 
antibodies,  including  extended  half-life,  blockade  of  signaling 
pathways,  activation  of  apoptosis  and  effector-cell-mediated  cy¬ 
totoxicity,  we  show  here  that  engagement  of  Fey  receptors  on  ef¬ 
fector  cells  is  a  dominant  component  of  the  in  vivo  activity  of 
antibodies  against  tumors.  Mouse  monoclonal  antibodies,  as 
well  as  the  humanized,  clinically  effective  therapeutic  agents 
trastuzumab  (Herceptin®)  and  rituximab  (Rltuxan®),  engaged 
both  activation  (FcyRIII)  and  inhibitory  (FcyRIIB)  antibody  recep¬ 
tors  on  myeloid  cells,  thus  modulating  their  cytotoxic  potential. 
Mice  deficient  in  FcyRIIB  showed  much  more  antibody-depen¬ 
dent  cell-mediated  cytotoxicity;  in  contrast,  mice  deficient  in  ac¬ 
tivating  Fc  receptors  as  well  as  antibodies  engineered  to  disrupt 
Fc  binding  to  those  receptors  were  unable  to  arrest  tumor 
growth  in  vivo.  These  results  demonstrate  that  Fc-receptor-de- 
pendent  mechanisms  contribute  substantially  to  the  action  of  cy¬ 
totoxic  antibodies  against  tumors  and  indicate  that  an  optimal 
antibody  against  tumors  would  bind  preferentially  to  activation 
Fc  receptors  and  minimally  to  the  inhibitory  partner  FcyRIIB. 

Passive  and  active  protection  against  pulmonary  metastasis  in 
the  syngenic  B16  melanoma  model  has  been  demonstrated  to  re¬ 
quire  the  presence  of  activation  Fc  receptors^  on  effector  cells, 
such  as  natural  killer  (NK)  cells.  To  determine  whether  the  in¬ 
hibitory  molecule  FcyRIIB  (Genome  DataBase  designation, 
Fcgr2b)  is  a  factor  in  determining  the  in  vivo  anti-tumor  activity 
of  monoclonal  antibody  TA99  (ref.  2),  a  protective  immunoglob¬ 
ulin  (Ig)G2a  antibody  specific  for  the  melanoma  differentiation 
antigen  gp75,  we  crossed  C57B1/6  mice  to  an  FcyRIIB-deficient 
strain  and  then  back-crossed  to  establish  a  syngenic  strain, 
Metastases  of  B16  melanoma  cells  in  the  FcyRIIB-deficient  back¬ 
ground  were  identical  to  those  in  wild-type  mice  (Fig.  1),  demon¬ 
strating  that  the  inhibitory  receptor  was  not  involved  in  tumor 
growth  or  spread.  In  contrast,  when  FcyRIIB-deficient  mice  re¬ 
ceived  the  protective  IgG2a  antibody,  there  was  much  more  ac¬ 
tivity  of  this  antibody  than  in  mice  wild-type  for  FcyRIIB  (Fig.  1). 
Quantification  of  the  tumor  nodules  in  excised  lungs  showed 
that  wild-type,  treated  mice  reduced  tumor  load  by  three-fold 
(300  ±  30  compared  with  100  ±  10)  whereas  antibody  treatment 
of  mice  resulted  in  a  100-fold  reduction  (300  compared 


to  3).  As  shown  before^  deletion  of  the  activation  y  subunit  elim¬ 
inated  the  in  vivo  protective  effect  of  this  antibody  (Fig.  1).  NK 
cells,  a  principal  cell  type  involved  in  antibody-dependent  cell- 
mediated  cytotoxicity  (ADCC),  express  the  activation  Fey  recep¬ 
tor,  FcyRIII  (Genome  DataBase  designation,  Fcgr3),  but  do  not 
express  the  inhibitory  counterpart,  FcyRIIB,  Thus,  the  increase 
seen  in  FcyRIIB-deficient  mice  cannot  be  attributed  to  NK  cell 
hyper-responsiveness.  Instead,  monocytes  and  macrophages, 
which  express  both  FcyRIII  and  FcyRIIB,  may  therefore  function 
as  the  dominant  effector  cell  in  this  antibody-dependent  protec¬ 
tion  in  vivo.  Thus  the  activity  attributed  to  the  protective  IgG2a 
antibody  in  a  wild-type  animal  represents  the  sum  of  the  oppos¬ 
ing  activation  and  inhibitory  pathways  contributed  by  NK  cells, 
monocytes  and  macrophages. 

To  determine  the  generality  of  this  pathway  of  antibody-medi¬ 
ated  cytotoxicity  mediated  by  FcyRIIB,  we  investigated  other 
well-defined  tumor  models  for  which  therapeutic  antibodies 
against  tumors  have  been  developed.  Antibodies  against  the 
HER2/neu  growth  factor  receptor  prevent  the  growth  of  breast 
carcinoma  cells  in  vitro  and  in  vivo^.  Similarly,  antibodies  against 
the  CD20  antigen  on  B  cells  arrest  the  growth  of  non-Hodgkin's 
lymphoma'*.  These  antibodies  were  developed  based  on  their 
ability  to  interfere  with  tumor  cell  growth  in  vitro  and  are  repre¬ 
sentative  of  a  class  that  includes  those  with  specificities  for  the 
epidermal  growth  factor  receptor^  interleukin-2  receptor^  and 
others^  Trastuzumab  (Herceptin®),  a  humanized  IgGl  antibody 
specific  for  the  cellular  proto-oncogene  pl85HER-2/neu  (refs. 
8,9),  and  rituximab  (Rituxan®),  the  chimeric  monoclonal  IgGl 
antibody  specific  for  the  B-cell  marker  CD20  (ref.  10),  were  re¬ 
cently  approved  for  the  treatment  of  HER-2  positive  breast  can¬ 
cer  and  B-cell  lymphoma,  respectively.  Some  in  vitro  studies  have 
indicated  that  the  essential  mechanisms  responsible  for  the  anti¬ 
tumor  activities  of  trastuzumab  and  its  mouse  'parent'  IgGl  anti¬ 
body  against  HER2,  4D5,  are  due  to  receptor-ligand  blockade”  *^; 
others  have  indicated  that  factors  such  as  ADCC  may  be  impor- 
tanf In  vitro  studies  with  rituximab  and  its  mouse  'parent'  an¬ 
tibody  2B8  have  indicated  a  direct  pro-apoptotic  activity  may  be 
associated  with  this  antibody*^. 

To  determine  the  contribution  of  interactions  between  the  Fc 
domain  and  effector  cell  FeyRs  to  the  in  vivo  activities  of 
trastuzumab  and  rituximab,  we  modified  the  orthotopic  athymic 
nude  mouse  tumor  model  to  generate  a  suitable  model  to  ad¬ 
dress  the  role  of  FcyRIIB  and  FcyRIII  in  the  anti-tumor  response. 
Mice  deficient  in  the  common  y  chain  (fcRy^“)  (14),  lacking  the 
activation  Fey  receptors  FcyRI  and  FcyRIII,  and  mice  deficient  in 
FcyRIIB  (ref.  15)  were  each  mated  with  athymic  nude  mice 
(nu/nu)  to  generate  FcRf'~!nulnu  and  FcyRIIB'^' jnulnu  mice  for 
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Flg.1  Passive  protection  from  pulmonary  metastasis  Is  increased  consid¬ 
erably  in  FcyRl IB-deficient  mice.  Mice  were  injected  intravenously  with  B1 6 
melanoma  cells  on  day  0  and  with  antibody  TA99  on  days  0,  2,  4,  7,  9  and 
11,  Lungs  were  collected  on  day  14  WT^  wild-type;  -Ab,  without  antibody; 
+Ab,  with  antibody;  FcRf^'; 


use  in  xenograft  human  tumor  models.  We  then  studied  the 
anti-tumor  activity  of  trastuzumab  and  4D5  in  preventing  the 
growth  of  the  human  breast  carcinoma  BT474M1,  which  over¬ 
expresses  pl85/HER-2/neu,  in  and  FcRY‘*  athymic  nude 

mice  (Fig.  2a-d).  Tumor  growth,  measured  as  volume,  was  iden¬ 
tical  in  homozygous  FcRy^'lmlnu  and  FcRf'^lnujnu  mice  in¬ 
jected  subcutaneously  with  5  x  10®  BT474M1  cells.  In  FcRf^* 
mice,  a  single  intravenous  dose  of  4  pg/g  antibody,  followed  by 
weekly  intravenous  injections  of  2  pg/g  antibody,  resulted  in 
near-complete  inhibition  of  tumor  growth  (tumor  mass  reduc¬ 
tions  of  90  and  96%  in  mice  treated  with  4D5  and  trastuzumab, 
respectively)  with  only  4  of  17  mice  developing  palpable  tumors. 
However,  this  protective  effect  of  trastuzumab  and  4D5  was  re¬ 
duced  in  FcyR'^'  mice.  Tumor  mass  in  antibody-treated 
mice  was  reduced  by  29  and  44%,  respectively,  by  trastuzumab 
and  4D5,  and  14  of  15  mice  developed  palpable  tumors.  We  ob¬ 
tained  similar  results  with  the  FcR'f^'InuInu  xenograft  model  for 
the  mechanism  by  which  rituximab  inhibits  B-cell  lymphoma 
growth  in  vivo.  Tumor  growth  of  the  human  B-cell  lymphoma 
cell  line  Raji  was  indistinguishable  in  FcRy'~fnulnu  and 
FcRy'^lnuInu  mice  (Fig.  2e  and  /).  However,  the  protective  effect 
of  weekly,  intravenous,  10-pg/g  doses  of  rituximab  seen  in 
FcRf'^fnuInu  mice  was  reduced  in  FcRy^'fnufnu  mice.  Treatment 
of  wild-type  athymic  mice  with  rituximab  resulted  in  reductions 
of  tumor  mass  of  more  than  99%,  and  no  wild-type  mice  devel- 


Flg.  2  Anti-tumor  activities  of  4D5,  trastuzumab  and  rituximab  require  ac¬ 
tivation  Fey  receptors.  Nude  mice  (n  =  6-1 0  per  group)  were  Injected  with 
BT474M1  cells  (a-d)  or  Raji  B  cells  (eand  f),  followed  by  weekly  Injections  of 
4D5  (a  and  b),  trastuzumab  (c  and  rf)  or  rituximab  {e  and  f).  PBS,  phos¬ 
phate  buffered  saline  (control).  The  antibody-dependent  tumor  protection 
seen  in  BALB/c  nude  mice  (WT;  a,  cand  e)  is  absent  in  FcRy'-  nude  mice  {b, 
d  and  f).  All  experiments  were  repeated  three  times  with  similar  results. 


oped  palpable  tumors.  In  contrast,  in  FcRy^~  mice,  little  protec¬ 
tion  was  afforded  by  rituximab;  six  of  seven  mice  developed  pal¬ 
pable  tumors,  and  tumor  mass  reductions  averaged  just  23%. 

In  contrast,  FcyRIIB'^'  mice  were  more  effective  at  arresting 
BT474  growth  in  this  nude  mouse  model  (Fig.  3).  At  a  sub-thera¬ 
peutic  dose  of  antibody  (a  0.4-pg/g  loading  dose  and  0.2  pg/g 
given  weekly),  tumor  growth  in  FcyRIIB-deficient  mice  was  ar¬ 
rested,  demonstrating  the  involvement  of  the  inhibitory  FcyRIlB 
pathway  in  this  model  as  well.  Nude  mice  have  increased  num¬ 
bers  of  NK  cells,  leading  to  the  presumption  that  antibody  pro¬ 
tection  in  those  mice  are  not  representative  of  the  protection 
seen  in  syngenic  systems,  as  in  human  disease.  The  observation 
that  deletion  of  FcyRIlB  increases  protection  in  nude  mice  indi¬ 
cates  the  involvement  of  effector  cells  other  than  NK  cells,  such 
as  monocytes  and  macrophages,  in  the  protective  response  and 
further  indicates  that  the  Fc-receptor-dependent  pathways  are 
not  restricted  to  an  system  biased  to  NK  cells,  but,  as  in  the  syn¬ 
genic  melanoma  system,  is  likely  to  be  relevant  in  other  syngenic 
systems  as  well. 

To  further  demonstrate  the  involvement  of  interactions  be¬ 
tween  Fc  and  Fey  receptors  in  the  protective  response,  we  engi¬ 
neered  a  modification  of  4D5  to  disrupt  the  ability  of  the 
antibody  to  engage  cellular  Fey  receptors  while  retaining  its  affin¬ 
ity  for  its  cognate  antigen  pl85  HER-2/neu.  We  systematically 
mutated  the  CH2  and  CH3  domains  of  mouse  IgGl  Fc  sequence, 
replacing  each  amino  acid,  in  turn,  with  alanine  (alanine  scan¬ 
ning).  We  then  expressed  each  mutant  antibody  thus  generated 
and  determined  its  binding  to  mouse  Fc  receptors.  Based  on  this 
alanine-scanning  mutagenesis  mapping,  a  single  amino-acid  re¬ 
placement  at  residue  265  in  the  Ch2  domain  of  the  mouse  IgGl 
heavy  chain  reduced  binding  of  IgGl -containing  immune  com- 
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Fig.  3  Anti-breast  tumor  activity  of  4D5  and  trastuzumab  is  enhanced 
FcyRIlB-defident  mice.  Nude  mice  (n  =  8  per  group)  were  Injected  with 
BT474M1  cells  and  treated  with  a  0.4-pg/g  loading  dose  and  0.2  pg/g 
weekly  (a  sub-therapeutic  dose  for  wild-type  mice)  of  4D5  (o)  or 
trastuzumab  (b).  There  is  complete  inhibition  of  tumors  in  FcyRIlB-defldent 
mice  (dotted  lines)  at  sub-therapeutic  antibody  doses. 


plexes  to  both  FcyRIIB  and  FcyRIII  in  a  receptor-coated  plate 
assay  (Fig.  4a).  This  residue  was  located  at  a  site  within  the  Fc 
portion  of  the  IgG  molecule  thought  to  interact  directly  with 
surfaces  of  Fc  receptors.  We  put  the  mutation  of  Asp  to  Ala  at 
residue  265  into  the  4D5  IgGl  heavy  chain  gene  and  expressed 
this  in  parallel  with  the  wild-type  4D5  IgGl  heavy  chain  in  A293 
cells  along  with  the  4D5  kappa  chain  to  produce  4D5  and  mu¬ 
tant  (D265A)  antibodies.  As  the  mutation  would  not  be  expected 
to  disrupt  antibody-antigen  interactions,  as  predicted,  both  4D5 
and  D265A  antibodies  purified  from  transfected-cell  super¬ 
natants  bound  cellular  pl85HER-2/neu  with  equivalent  avidity 
and  had  similar  in  vitro  growth  inhibitory  activity  when  added  to 
BT474M1 -expressing  breast  carcinoma  cells  in  tissue  culture  (Fig. 
4b).  However,  although  D265A  retained  the  wild-type  character¬ 
istics  of  in  vivo  half-life  (data  not  shown),  antigenic  targeting  and 
functional  pl85HER-2/neu  receptor  blockade,  the  in  vitro  ADCC 
capacity  of  the  mutant  was  lost  as  a  consequence  of  its  reduced 
affinity  for  FcyRIII  on  effector  cells  (Fig.  4c).  In  vivo,  D265A,  when 
tested  in  the  breast  carcinoma  BT474M1  xenograft  model,  had 
less  anti-tumor  activity  than  4D5  (Fig.  4d).  Palpable  tumors  de¬ 
veloped  in  all  wild-type  athymic  mice  treated  with  D265A  but 
developed  in  only  two  of  five  mice  treated  with  4D5.  D265A 
treatment  reduced  tumor  volumes  by  30%,  compared  with  a  re¬ 
duction  of  85%  with  4D5.  The  attenuated  anti-tumor  responses 
of  D265A  correlate  with  its  impaired  ability  to  activate  Fc-recep- 
tor-bearing  effector  cells  despite  its  ability  to  inhibit  tumor 


Fig.  4  In  vitro  and  in  vivo  properties  of  the  D255A  mutant  antibody. 
a,  FcfRIil  binding.  Both  wild-type  and  mutant  Fc  fragments  were  grafted 
onto  an  anti-human  IgE  Fab  fragment.  Solid-phase  binding  assays  used 
hexameric  complexes  of  human  IgE  and  anti-human  IgE  and  plates  coated 
with  recombinant  FcyRIIIs.  A490,  absorbance  at  490  nm.  b,  Growth  inhibition 
of  BT474M1  cells.  Inset,  Fluorescence-activated  cell  sorting  analysis  of 
BT474M1  cells  demonstrates  equivalent  avidities  of  4D5  (solid  line)  and 
D265A  (dotted  line)  for  cell  surface  pi  85  HER2/neu.  Main  graph,  ^H-thyml- 
dlne  incorporation  of  BT474M1  cells,  measured  in  the  presence  of  either 
4D5  or  D265A.  c,  NK-cell  ADCC  of  chromium-labeled  tumor  targets. 
Chromium-labeled  SKBR-3  cells  were  Incubated  with  NK  effector  cells  (ef- 
fectontarget  (E:T)  ratios,  horizontal  axis),  and  release  of  label  was  quanti¬ 
fied.  d,  In  vivo  growth  of  breast  carcinoma  cells.  Athymic  BALB/c  nu/nu 
mice  were  Implanted  with  BT474M1  xenografts  and  their  growth  in  re¬ 
sponse  to  treatment  with  4D5,  D265A  or  PBS  was  measured. 


growth  in  vitro,  supporting  the  conclusion  that  Fc  receptor  en¬ 
gagement  is  a  substantial  contributing  component  of  anti-tumor 
activity  in  vivo. 

Many  mechanisms  have  been  proposed  for  the  ability  of  anti¬ 
bodies  against  tumors  to  mediate  their  effects  in  vivo.  The  data 
presented  here  indicate  that  Fey  receptor  binding  contributes 
substantially  to  in  vivo  activity.  This  Fey-reeptor  dependence 
seems  to  apply  to  more  than  a  single  antibody,  as  it  has  been 
seen  in  both  syngenic  and  xenograft  models  for  the  three  unre¬ 
lated  tumors  and  target  antigens  presented  here.  Fey  receptor 
engagement  involves  both  activation  and  inhibitory  receptors 
and  thus  indicates  involvement  of  monocytes  and  macrophages 
in  the  effector  cell  component  of  the  protective  response. 
Supportive  evidence  for  this  interpretation  is  found  in  the  abil¬ 
ity  of  trastuzumab  to  mediate  ADCC  in  vitro  and  the  ability  of 
antibodies  against  Fc  receptor  to  inhibit  some  of  the  in  vivo 
activity  of  antibodies  against  CD20  (ref.  16).  Although  the  stud¬ 
ies  presented  here  demonstrate  the  importance  of  interactions 
between  Fc  and  Fey  receptors,  triggering  the  growth  and 
apoptotic  regulatory  pathways  by  antibody  engagement  of 
pl85HER2/neu  and  CD20  may  still  contribute  to  the  total  in 
vivo  efficacy  of  antibodies  against  tumors.  Support  for  this  inter¬ 
pretation  can  be  seen  in  the  partial  protection  in  FcRf~  mice 
treated  with  antibodies  against  HER2/neu  (Fig.  2),  in  which  the 
anti-tumor  activity  of  these  antibodies  against  the  BT474M1 
breast  carcinoma  cells  was  reduced  but  not  ablated.  Similarly, 
previous  studies  showed  that  the  225  antibody  against  epider¬ 
mal  growth  factor  receptor  was  able  to  reduce  the  epithelial 
tumor  cell  A431  growth  in  vivo  as  an  F(ab')2/  although  with  only 
50%  of  the  activity  shown  by  the  intact  antibody^ ^  Blocking  the 
signaling  on  tumor  cells  by  antibodies  may  also  act  synergisti- 
cally  with  immune  effector  responses  by  rendering  the  tumor 
cells  more  susceptible  to  immune  effector  cell  triggered  apop¬ 
totic  or  lytic  cell  death^®.  Our  results  thus  indicate  the  impor¬ 
tance  of  selection  and  engineering  of  therapeutic  antibodies 
against  tumor  to  maximize  their  interactions  with  FcyRIII  and 
minimize  their  interaction  with  FcyRIIB,  which  along  with  the 
appropriate  antigenic  target  will  potentiate  their  therapeutic  ca¬ 
pacity.  In  addition,  these  studies  emphasize  the  fundamental 
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importance  of  the  inhibitory  pathways  in  vivo  and  indicate  that 
individual  responses  to  antibodies  against  tumors  may  depend 
on  the  expression  of  these  inhibitory  pathways. 

Methods 

Melanoma  metastasis  model.  Mice  were  injected  intravenously  with  1  x 
10*  B1 6  melanoma  cell  on  day  0  and  with  either  phosphate-buffered  saline 
(PBS)  or  20  purified  TA99  intraperitoneally  on  days  0,  2,  A,  7,  9  and  1 1 . 
In  previous  experiments^  a  dose  of  200  pg  of  monoclonal  antibody  TA99 
induced  a  reduction  of  more  than  90%  in  tumor  metastasis  in  wild-type  but 
not  fc/?y^'  mice.  However,  at  this  lower  dose  of  TA99  (20  pg),  only  limited 
protection  was  provided  against  tumor  metastasis  in  wild-type  mice.  Mice 
were  killed  on  day  14  and  surface  lung  metastasis  were  counted  under  a 
dissecting  microscope. 

Tumor  xenograft  models.  For  breast  carcinoma  xenograft  experiments, 
5x10*  BT474MI  cells  (BT474  subclone  derived  at  Cenentech,  South  San 
Francisco,  California)  were  injected  subcutaneously  on  day  1  In  0.1  ml  PBS 
mixed  with  0.1  ml  Matrigel  (Collaborative  Research,  Bedford, 
Massachusetts).  BALB/c  nude  mice,  fcRy'"  BALB/c  nude  mice  or  fcy/?/^'■ 
BALB/c  nude  mice  2-4  months  old  were  Injected  subcutaneously  with  1 7P- 
estradiol  60-day  release  pellets  (0.75  mg/pellet;  Innovative  Research  of 
America,  Sarasota,  Florida)  24  h  before  tumor  cell  injection.  Therapeutic  an¬ 
tibodies  (obtained  from  clinical  material,  in  vials;  Cenentech,  South  San 
Francisco,  California)  were  injected  intravenously  beginning  on  day  1  at  a 
loading  dose  of  4  pg/mg,  with  weekly  injections  of  2  pg/mg  for  BALB/c 
nude  and  FcRy^'  BALB/c  nude.  A  dose  10%  of  this  (0.4  pg/mg,  loading;  0.2 
pg/mg,  weekly)  was  used  for  the  experiments  in  Fig.  3.  For  B-cell  lym¬ 
phoma  xenograft  experiments,  BALB/c  nude  mice  or  FcRy''  BALB/c  nude 
mice  2-4  months  old  were  irradiated  with  3.0  cGy  before  subcutaneous  in¬ 
jection  of  5  X  10*  Raji  B-lymphoma  cells.  Rituximab  (Rituxan®;  IDEC 
Phamaceuticals,  San  Diego,  California)  was  given  at  a  dose  of  10  pg/g 
weekly.  Tumor  measurements  were  obtained  weekly. 

Engineering  of  D254A  mutant  antibody  and  binding  assays.  Site-di¬ 
rected  mutagenesis  was  accomplished  using  the  QuikChange  Mutagenesis 
Kit  (Stratagene,  La  jolla,  California).  Mutant  antibody  was  transiently  ex¬ 
pressed  in  A293  cells  In  the  pRK  expression  vector,  and  conditioned  super¬ 
natants  were  collected  and  purified  by  protein  G  affinity  column 
chromatography.  The  ability  of  various  mutants  to  bind  recombinant  FcyRs 
was  measured  using  an  in  vitro  binding  assay’’.  Microtiter  plates  were 
coated  with  1 00  ng/well  of  a  fusion  protein  of  recombinant  FcyRIII  and  glu¬ 
tathione  S-transferase  in  PBS.  Plates  were  washed  with  PBS  supplemented 
with  0.05%  Tween-20  (wash  buffer)  then  blocked  for  1  h  at  room  tempera¬ 
ture  with  0.5%  BSA,  50  mM  Tris-buffered  saline,  0.05%  Tween  20,  2mM 
EDTA,  pH  8.0  (ELISA  buffer).  The  IgGI  Fc  fragment  of  murine  4D5  as  well  as 
D265A  was  grafted  onto  the  Fab  of  anti-human  IgE  (monoclonal  antibody 
E27)  and  recombinant  antibody  was  produced  as  described  above.  The  ad¬ 
dition  of  human  IgE  to  E27  with  wild-type  or  mutant  Fc  domains  in  a  molar 
ratio  of  1 :1  in  ELISA  buffer  led  to  the  formation  of  homogeneous  hexameric 
complexes.  Complexes  were  added  to  the  plates,  washed  five  times  in  wash 
buffer,  and  were  detected  by  the  addition  of  goat  F(ab')2  antibody  against 
mouse  IgG,  with  subsequent  colorimetric  development. 

Growth  inhibition  assays.  BT474MI  cells  were  plated  at  a  density  of  1  x 
1 0"  cells  per  well  and  allowed  to  adhere  for  24  h.  Antibody  was  added  for 
48  h,  followed  by  a  14-hour  pulse  with  ’H-thymidine.  Cells  were  collected 
onto  filter  mats  and  incorporated  radioactivity  was  counted  in  a  Wallac 
Microbeta  scintillation  counter.  BT474M1  cells  were  incubated  with  4D5  or 
D265A,  and  stained  with  FITC-conjugated  goat  antibody  against  mouse 
IgG.  Fluorescence  intensity  was  measured  on  a  FACScan  flow  cytometer 
(Becton-Dickinson,  San  jose,  California). 


in  vitro  ADCC  assay.  Adherent  NK  effector  cells  were  obtained  from  Inter- 
leukin-2-stimulated  (250  U/ml;  Sigma),  14-day  cultures  of  splenocytes  non¬ 
adherent  to  nylon-wool.  Four-hour  ADCC  reactions  used  as  target  cells  5  x 
1 0“  chromium-labeled,  HER2-overexpressing,  SK-BR3  breast  carcinoma  cells 
(American  Type  Culture  Collection,  Rockville,  Maryland)  in  96-well  plates  in 
the  presence  or  absence  of  1 0  pg/ml  antibody.  Percent  cytotoxicity  is  ex¬ 
pressed  as  [counts  in  supernatant-spontaneous  release  (without  effec- 
tors)]/[total  counts  incorporated-spontaneous  release].  Data  are  expressed 
as  the  mean  of  three  replicate  wells.. 
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Monoclonal  antibody  therapies-a  'constant'  threat  to  cancer 

Many  mechanisms  have  been  proposed  for  the  positive  effects  of  monoclonal  antibodies  In  cancer  therapy.  New  data 
indicate  that  both  the  variable,  antigen-binding  region  of  an  antibody  and  the  Fc  region  are  capable  of  influencing 

anti-cancer  Immunity  (pages  443-446). 


The  technology  to  create  monoclonal 
antibodies  was  first  described  25  years 
ago\  Shortly  after  their  discovery,  mono¬ 
clonal  antibodies  were  used  for  the  treat¬ 
ment  of  cancer,  but  only  recently  have 
clinical  results  confirmed  their  efficacy. 
The  successes  of  cancer  therapies  involv¬ 
ing  monoclonal  antibodies  have  resur¬ 
rected  a  nagging  question  in  the  field; 
How  do  therapeutic  monoclonal  antibod¬ 
ies  work?  In  this  issue  of  Nature  Medicine, 
Clynes  et  ah  demonstrate  the  involve¬ 
ment  of  the  monoclonal  antibody  Fc  re¬ 
gion  and  its  receptors  in  monoclonal 
antibody-based  therapeutics^. 

An  antibody  molecule  is  made  up  of 
two  regions.  The  Fab  fragment  contains 
the  variable  regions  that  form  the  anti¬ 
gen-binding  site,  whereas  the  'constant', 
Fc  domains  allow  antibodies  to  recruit  ad¬ 
ditional  components  of  the  immune  sys¬ 
tem,  such  as  complement  factors  and 
immune  effector  cells  (Fig.  1).  Immune  ef¬ 
fector  cells  aid  in  clearing  microbial 
pathogens  and  can  induce  autoimmunity 
and  destruction  of  cancer  cells.  These  cells 
express  receptors  for  the  Fc  domains  of 
antibodies  of  particular  isotypes.  The 
binding  of  some  Fc  receptors  by  antibod¬ 
ies  provides  signals  that  activate  and  re¬ 
cruit  immune  and  inflammatory  cells, 
whereas  engagement  of  others  can  send 
inhibitory  signals  that  downregulate  im¬ 
munity.  For  example,  FcyRIII  is  an  activa¬ 
tion  receptor  that  signals  through  the 
common  y  chain  using  tyrosine  kinases 
to  activate  macrophages,  natural  killer 
cells  and  mast  cells.  However,  FcyRllB  is 
an  inhibitory  receptor  expressed  on 
macrophages  (but  not  natural  killer  cells) 
that  co-ligates  to  FcyRIII  activation  recep¬ 
tors,  leading  to  inhibition  of  FcyRIII  sig¬ 
naling.  This  'yin-and-yang'  system 
probably  evolved  to  let  antibodies  recruit 
cells  from  the  immune  system,  but  also 
allow  built-in  checks  and  balances.  Clynes 
et  al  investigated  the  involvement  of  the 
Fc  domain  in  monoclonal  antibody-based 
therapies  by  testing  the  effects  of  various 
monoclonal  antibodies  on  mice  geneti¬ 
cally  deficient  for  Fc  receptors. 

There  are  various  approaches  to  treat¬ 
ing  cancer  with  monoclonal  antibodies. 
One  strategy  does  not  rely  on  the  Fc  re¬ 
gion  to  recruit  immune  effector  func- 
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tions,  but  instead  involves  binding  of  the 
variable  region  to  cell  surface  molecules 
that  regulate  cell  survival,  proliferation  or 
death  by  activating  cell  signaling  cascades 
or  blocking  access  to  growth  factors 
(Fig.l).  Approximately  15  years  ago,  it 
was  shown  that  targeting  of  oncogenic 
cell  surface  receptors  such  as  the  epider¬ 
mal  growth  factor  receptor,  the  inter¬ 
leukin-2  receptor  or  HER2/neu  with 
monoclonal  antibodies  could  prevent 
tumor  growth^^  indicating  that  biologi¬ 
cal  effects  of  monoclonal  antibodies  were 
mediated  directly  by  the  variable  regions. 
The  theory  that  the  variable  region  alone 
was  responsible  for  the  anti-tumor  effi¬ 
cacy  of  monoclonal  antibodies  was  fur¬ 
ther  strengthened  by  the  demonstration 
that  small  molecules  capable  of  binding 
the  epidermal  growth  factor  receptor 
and  HER2/neu  also  prevented  tumor 


growth®  ^  However,  monoclonal  antibod¬ 
ies  against  the  epidermal  growth  factor 
receptor  have  weak  activity  in  vitro,  com¬ 
pared  with  their  activity  in  vivo,  indicat¬ 
ing  that  other  mechanisms,  such  as 
immunological  or  anti-angiogenic  re¬ 
sponses,  are  also  involved.  Moreover,  the 
biological  effects  could  be  enhanced  by  Fc 
receptors  through  passively  cross-linking 
monoclonal  antibodies,  providing  a  sim¬ 
ple  scaffold  for  cross-linking  surface  re¬ 
ceptors  to  signal  in  the  cancer  cell, 
without  direct  Fc  receptor  signaling  to  ac¬ 
tivate  immune  effector  cells. 

Recently,  two  monoclonal  antibodies 
were  approved  for  treatment  of  patients 
with  cancer,  Rituximab  binds  to  the 
CD20  B  cell-differentiation  antigen  and  is 
used  to  treat  patients  with  B  cell  lym¬ 
phomas.  Another  monoclonal  antibody, 
trastuzumab  is  directed  against  the 
HER2/neu  surface  protein,  which  is  over¬ 
expressed  on  metastatic  cancers  in 
25-30%  of  women  with  breast  carci¬ 
noma.  The  HER2/neu  glycoprotein  is  a 
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Fig.  1  Monoclonal  antibodies  can  block  tumor  growth  using  many  mechanisms.  Top,  monoclonal 
antibodies  recognize  antigens  on  the  target  cell,  in  this  case  a  cancer  cell.  1 .  Monoclonal  antibody 
bound  to  antigen  activates  complement  components  (small  ring  between  the  two  antibody  mole¬ 
cules),  leading  to  opsonization  of  cancer  cells  by  phagocytic  cells  expressing  complement  receptors 
(orange  half-circles),  direct  lysis  of  tumor  cells  and  inflammation  with  recruitment  of  inflammatory 
cells.  2.  Monoclonal  antibody  binds  to  activating  Fc  receptors  on  the  effector  cells,  leading  to  anti- 
body-dependent  cellular  cytotoxicity  (ADCC)  or  release  of  cytokines.  3.  Monoclonal  antibody  binds 
to  inhibitory  Fc  receptors  (or  to  both  activation  and  Inhibitory  Fc  receptors),  inhibiting  effector  cel! 
activation.  4.  Monoclonal  antibody  binds  directly  to  growth  factor  receptors  or  other  signaling  mol¬ 
ecules  on  the  cancer  cell,  leading  to  cell  death. 


NATURE  MEDICINE  •  VOLUME  6  •  NUMBER  4  •  APRIL  2000 


373 


©  2000  Nature  America  Inc.  •  http://medicine.nature.com 


NEWS  &  VIEWS 


ffi  ©  2000  Nature  America  Inc.  •  http://mediclne.nature.com 


putative  receptor  tyrosine  kinase  in¬ 
volved  in  the  growth  and  survival  of 
breast  carcinoma  cellS;  and  trastuzumab 
interferes  with  signaling  through  this  re¬ 
ceptor.  Therapy  with  trastuzumab  alone 
induces  objective  responses  in  a  few  pa¬ 
tients  and  improves  response  rates  in 
combination  with  the  chemotherapy 
agent  paclitaxel.  Based  on  the  success  of 
these  two  new  monoclonal  antibodies, 
many  researchers  have  questioned  the  in¬ 
volvement  of  the  host's  immune  system 
in  cancer  therapeutics  based  on  mono¬ 
clonal  antibodies. 

Remarkably,  after  more  than  15  years 
of  experience  with  monoclonal  antibody 
therapy  of  cancer,  we  have  no  definite 
idea  of  what  mechanisms  are  essential  for 
clinical  activity.  For  example,  the  first 
monoclonal  antibodies  to  show  repro¬ 
ducible  anti-tumor  activity  were  anti-id¬ 
iotypic  monoclonal  antibodies,  used  to 
treat  lymphoma  patients,  and  mono¬ 
clonal  antibodies  against  GD3  ganglio- 
side,  used  to  treat  melanoma  patients. 
Anti-idiotypic  monoclonal  antibodies  are 
believed  to  induce  tyrosine-kinase-depen¬ 
dent  signaling  through  immunoglobulin 
receptors  on  malignant  cells,  and  induc¬ 
tion  of  signaling  correlates  with  response 
to  therapy*.  Treatment  with  monoclonal 
antibody  against  GD3  does  recruit  im¬ 
mune  inflammatory  cells  and  comple¬ 
ment  to  tumor  sites,  indicating  a 
dependency  of  this  approach  on  the  Fc 
domain,  but  the  treatment  also  induces 
profound  changes  in  cell  adhesion  that 
can  affect  growth  and  possibly  metasta¬ 
sis’.  Moreover,  monoclonal  antibody 
against  GD3  can  activate  T  cells,  indicat¬ 
ing  that  direct  biologic  effects  of  mono¬ 
clonal  antibody  therapy  do  not  have  to 
be  restricted  just  to  cancer  cells,  but  could 


extend  to  other  host  cells. 

The  findings  of  Clynes  et  al  support 
their  previous  studies^®  that  the  anti¬ 
tumor  effects  of  monoclonal  antibodies 
depend  on  immune  activation  through 
the  Fc  receptor.  Their  new  results  show 
that  dependence  on  Fc  receptor  activa¬ 
tion  includes  the  monoclonal  antibodies 
trastuzumab  and  rituximab.  However, 
trastuzumab  does  retain  about  40%  of  its 
anti-tumor  activity  in  FcyRIII'''  mice  com¬ 
pared  to  wild-type  mice,  indicating  that 
some  biological  effects  of  monoclonal 
antibodies  can  be  independent  of  Fc  re¬ 
ceptors.  This  tells  us  that  monoclonal 
antibody  therapies  are  likely  to  involve 
many  mechanisms  that  should  be 
considered  for  designing  new  treatment 
approaches  based  on  monoclonal  anti¬ 
bodies.  The  authors  suggest  that  myeloid 
cells  that  express  both  activation  and 
inhibitory  Fc  receptors,  probably 
macrophages  and  monocytes,  are  essen¬ 
tial  immune  effector  cells  for  mono¬ 
clonal  antibody  therapy.  Based  on  this 
observation,  clinicians  and  cancer  re¬ 
searchers  should  consider  the  status  of 
the  hematopoietic  system  as  a  source  of 
effector  cells  in  this  treatment  strategy. 

Another  interesting  finding  of  Clynes 
et  al  is  that  monoclonal  antibody  ther¬ 
apy  is  more  potent  in  mice  lacking  the  in¬ 
hibitory  receptor  FcyRlIB.  This  indicates 
that  blocking  inhibitory  receptors  or  con¬ 
structing  monoclonal  antibodies  that  se¬ 
lectively  trigger  activating  Fc  receptors 
without  affecting  inhibitory  Fc  receptors 
could  increase  potency. 

In  the  end,  the  underlying  mechanisms 
of  therapeutic  effects  of  monoclonal  anti¬ 
bodies  in  people  are  still  not  clear  and 
may  vary  from  one  monoclonal  antibody 
to  the  next.  Based  on  the  findings  of 


Clynes  et  al,  we  now  know  that  these 
complex,  multifunctional  molecules 
work  through  multiple  pathways. 
Improving  the  design  of  monoclonal  an¬ 
tibodies  to  incorporate  these  mechanisms 
should  increase  potency  and  holds  great 
promise  for  the  future. 
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De-mystifying  the  mechanism(s)  of  maspin 

Recent  findings  Indicate  that  p53  regulates  the  expression  of  the  tumor  suppressor  gene  maspin,  providing  new 
mechanistic  Information  about  the  factors  that  negatively  regulate  tumor  cell  metastasis. 


Maspin  (mammary  serine  protease  in¬ 
hibitor)  is  a  unique  member  of  the 
serpin  family,  which  has  inhibitory  ef¬ 
fects  on  angiogenesis,  tumor  invasion 
and  metastasis.  Although  the  molecular 
function  (or  functions)  of  serpins  in  can¬ 
cer  is  not  well  understood,  recent  evi¬ 
dence  indicates  that  maspin  is  required 
for  normal  function  in  breast  and 
prostate  cells,  and  that  loss  of  maspin 
expression  correlates  with  the  progres- 
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sion  of  breast  cancer^'^.  A  study  recently 
published  in  The  Journal  of  Biological 
Chemistry  by  Zhang  et  al  now  indicates 
that  maspin  is  part  of  the  p53  tumor 
suppressor  pathway*. 

Maspin  was  originally  discovered 
through  subtractive  hybridization  and 
differential  display  analyses  comparing 


the  differences  in  gene  expression  in  nor¬ 
mal  mammary  epithelium  and  invasive 
mammary  carcinoma  cells\  The  42-kilo- 
dalton  gene  product  contains  sequence 
homology  with  several  members  of  the 
serine  protease  inhibitor  superfamily 
(serpins),  including  plasminogen  activa¬ 
tor  inhibitors  1  and  2  (PAI-1  and  PAl-2), 
and  al -antitrypsin,  as  well  as  the  non-in¬ 
hibitor  serpin  proteins  such  as  ovalbu- 
min^'^  One  disparity  between  maspin 
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